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(57) A controller controls an intake air quantity in ac- 
cordance with valve timings of the intake valve deter- 
mined according to the operational angle through the 
cam operational angle variable mechanism and the 
phase through the cam phase variable mechanism, the 
controller determining an allowable residual gas quan- 
tity from a required air quantity and an engine speed : 
the required air quantity being determined according to 
a manipulated variable of an accelerator, calculating op- 
timum intake valve open and closure timings (IVO and 
IVC) in such a manner that both of the required air quan- 
tity and the allowable residual gas quantity enter a cyl- 
inder of the engine, and determining the operational an- 
gle and the phase from the optimum intake valve open 
and closure timings. 
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Description 

BACKGROUND OF THE INVENTION: 
Field of the invention 

[0001] The present invention relates to variable oper- 
ation intake valve controlling apparatus and method for 
an internal combustion engine in which a cam opera- 
tional angle variable mechanism which is capable of 
controlling a cam operational angle (also called, a work- 
ing angle) of the intake valve to continuously expand 
(widen) and shrink (narrow) the intake valve and a cam 
phase angle variable mechanism which is capable of 
displacing a lift center angle of the intake valve in either 
an advance angle direction or a retardation angle direc- 
tion. 

Description of the related art 

[0002] A Japanese Patent Application First Publica- 
tion No. 2001-280167 published on October 10, 2001 
exemplifies a previously proposed variable operation in- 
take valve controlling apparatus. 
[0003] In order to achieve a valve lift characteristic 
which is optimum for the present engine driving condi- 
tion, a cam operational angle (which will be described 
later) of the intake valve of the engine is enabled to be 
controlled so as to be continuously expanded (widened) 
or shrunk (narrowed) or a phase variable mechanism a 
cam phase of a lift center angle of the intake valve is 
retarded or advanced are combined to form a variable 
operation engine valve mechanism. In addition, another 
Japanese Patent Application First Publication No. 
2001 -2631 04 published on September 26, 2001 exem- 
plifies another previously proposed variable operation 
engine valve controlling apparatus. In the latter Japa- 
nese Patent Application First Publication, a technique 
of controlling an intake valve closure timing and an ex- 
haust valve closure timing so as to achieve a target val- 
ue of a rate of a residual gas quantity within each cylin- 
der using electromagnetic operation intake valve and 
electromagnetic operation exhaust valve. 

SUMMARY OF THE INVENTION: 

[0004] In the structure in which both of the cam oper- 
ational angle variable mechanism and the cam phase 
variable mechanism are incorporated, any one of valve 
lift characteristics is achieved by the operational angle 
controlled by the phase variable mechanism. However 
for example, if the operational angle and the phase are 
individually and separately controlled using operational 
control maps to which the operational angles are allo- 
cated to the driving conditions (engine speed and en- 
gine load) and phase control maps to which the phases 
are allocated to the same driving condition, a tremen- 
dous amount of maps are required. In addition, in a case 



where a correction against a variation in a driving envi- 
ronment related to a combustion state such as an ex- 
ternal temperature and an altitude is carried out from the 
operational angle and phase, it becomes extremely 
5 complicated for its optimization and actual process of 
calculation. 

[0005] On the other hand, the technique disclosed in 
the above-described Japanese Patent Application First 
Publication No. 2001-263104 published on September 

10 26, 2001, the electromagnetic operation intake valve 
and exhaust valves are merely used so that a control 
problem described above which occur in the case where 
the operational angle variable mechanism and the 
phase variable mechanism are combined cannot be 

15 solved. 

[0006] It is, therefore, an object of the present inven- 
tion to provide variable operation intake valve controlling 
apparatus and method for an internal combustion en- 
gine in which optimum intake valve open timing (IVO) 

20 and intake valve closure timing (IVC) are determined 
from a required intake air quantity and an allowable re- 
sidual gas quantity and the cam operational angle and 
the cam phase are determined from the optimum intake 
valve open and closure timings to control the operational 

25 angle variable mechanism and the phase variable 
mechanism without need of the tremendous amount of 
the control maps so that the control over the intake valve 
can be simplified. 

[0007] According to a first aspect of the present inven- 

30 tion, there is provided a variable operation intake valve 
controlling apparatus for an internal combustion engine, 
comprising: a cam operational angle variable mecha- 
nism that is capable of controlling an operational angle 
of the intake valve in such a manner that a range of the 

35 operational angle is continuously changed; a cam phase 
variable mechanism that is capable of continuously dis- 
placing a phase of a lift center angle of the intake valve; 
and a controller for controlling an intake air quantity in 
accordance with valve timings of the intake valve deter- 

40 mined according to the operational angle by means of 
the cam operational angle variable mechanism and the 
phase by means of the cam phase variable mechanism, 
the controller determining an allowable residual gas 
quantity from a required air quantity and an engine 

45 speed, the required air quantity being determined ac- 
cording to a manipulated variable of an accelerator, cal- 
culating optimum intake valve open and closure timings 
in such a manner that both of the required air quantity 
and the allowable residual gas quantity enter a cylinder 

50 of the engine, and determining the operational angle 
and the phase from the optimum intake valve open and 
closure timings. 

[0008] According to a second aspect of the present 
invention, there is provided a variable operation intake 
55 valve controlling method for an internal combustion en- 
gine, the engine comprising: a cam operational angle 
variable mechanism that is capable of controlling an op- 
erational angle of the intake valve in such a manner that 
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a range of the operational angle is continuously 
changed; and a cam phase variable mechanism which 
is capable of continuously displacing a phase of a lift 
center angle of the intake valve, the method comprising: 
controlling an intake air quantity in accordance with 
valve timings of the intake valve determined according 
to the operational angle by means of the cam operation- 
al angle variable mechanism and the phase by means 
of the cam phase variable mechanism; determining an 
allowable residual gas quantity from a required air quan- 
tity and an engine speed, the required air quantity being 
determined according to a manipulated variable of an 
accelerator: calculating optimum intake valve open and 
closure timings in such a manner that both of the re- 
quired intake air quantity and the allowable residual gas 
quantity enter a cylinder of the engine; and determining 
the operational angle and the phase from the optimum 
intake valve open and closure timings. 
[0009] According to a third aspect of the present in- 
vention, there is provided a variable operation intake 
valve controlling method for an internal combustion en- 
gine, the engine comprising: a cam operational angle 
variable mechanism that is capable of controlling an op- 
erational angle of the intake valve in such a manner that 
a range of the operational angle is continuously 
changed; and a cam phase variable mechanism which 
is capable of continuously displacing a phase of a lift 
center angle of the intake valve, the method comprising: 
calculating a demanded torque from a manipulated var- 
iable of an accelerator; calculating a required intake air 
quantity corresponding to the demanded torque; calcu- 
lating an allowable residual gas quantity from the re- 
quired air quantity and the engine speed; calculating the 
optimum valve open and valve closure timings (I VO and 
IVC) from the residual required air quantity and the al- 
lowable residual gas quantity; and calculating the oper- 
ational angle and the phase from the optimum intake 
vaive open and closure timings. 
[0010] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

BRIEF DESCRIPTION OF THE DRAWINGS: 
[0011] 

Fig. 1 is a gasoline spark-ignited internal combus- 
tion engine to which a variable operation intake 
valve controlling apparatus in a preferred embodi- 
ment according to the present invention is applica- 
ble. 

Fig. 2 is perspective view representing a variable 
operation mechanism for an intake valve used in the 
variable operation Intake valve controlling appara- 
tus in the preferred embodiment shown in Fig. 1 . 
Fig. 3 is a main operational flowchart for explaining 
a control over an operational angle and a cam 



phase (angle) during an engine acceleration. 
Figs. 4A, 4B, 4C : 4D, 4E, 4F, 4G, 4H, and 41 show 
integrally a timing chart for explaining variations of 
each engine parameter during the engine acceler- 
5 ation in the case of a result of a control routine 
shown in Fig. 3. 

Fig. 5 is an operational flowchart in a case where a 
correction control in a case where the cam phase 
angle is limited to be within a phase angle maximum 
10 value. 

Fig. 6 is a branched flowchart part of the routine 
shown in Fig. 5. 

Figs. 7A, 73, 7C, 7D, 7E, 7F, and 7G are integrally 
a timing chart for explaining variations of each en- 
's gjne parameter in the case where the phase angle 
is limited as shown in Figs. 5 and 6. 
Fig. 8 is an operational flowchart representing the 
corrective control in a case where the operational 
angle is limited within an operational angle maxi- 
20 mum value. 

Figs. 9A, 9B, 9C, 9D, 9E, 9F, and 9G are integrally 
a timing chart for explaining the variations in the pa- 
rameter when the cam operational angle is limited 
as shown in Fig. 8. 
25 Fig. 10 is a characteristic graph representing a re- 
lationshipfrom among a required air quantity, an en- 
gine speed, and allowable residual gas quantity. 
Figs. 1 1 A. 1 1 B, and 1 1 C are explanatory views for 
explaining a gas stream within the cylinder from the 
30 intake valve open timing (IVO) to the intake valve 
closure timing (IVC). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT: 

35 

[0012] Reference will hereinafter be made to the 
drawings in order to facilitate a better understanding of 
the present invention. 

[0013] Fig. 1 shows a V type six-cylinder gasoline en- 

40 gine 1 to which a preferred embodiment of a variable 
operation intake valve controlling apparatus according 
to the present invention is applicable. 
[0014] Variable operation engine valve mechanisms 
2 as will be described later are disposed on intake valves 

45 3, 3, — of left and right cylinder banks, respectively. The 
variable operation engine valve mechanism 2 for ex- 
haust valves are of direct operated type which drives 
exhaust valves 4 by means of an exhaust camshaft 5. 
A valve lift characteristic is always constant. Exhaust 

50 manifolds 6 disposed on the left and right banks are con- 
nected to catalyst converters 7. Air-fuel ratio sensors 8 
are disposed at upper streams of these catalyst convert- 
ers 7 to detect an exhaust air-fuel ratio. A second cata- 
lyst converter 1 0 and muffler 1 1 are disposed at a further 

55 downstream side of the exhaust passages 9. The ex- 
haust passages 9, 9 are joined at the downstream side 
of catalyst converter 7. Branch passages 15 are con- 
nected to intake ports of the respective cylinders. Each 
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upper stream end of this six branch passages 1 5 is con- 
nected to a collector 16. One end of collector 1 6 is con- 
nected to an intake air inlet passage 17. 
An electronically controlled throttle valve 18 used to 
generate a negative pressure is disposed at intake air 
inlet passage 1 7. Electronically controlled throttle valve 
1 8 is provided with an actuator constituted by an electric 
motor and its opening angle of throttle valve 18 is con- 
trolled in response to a control signal supplied from an 
engine control unit (ECU) 1 9 (hereinafter also called a 
controller). It is noted that a sensor (not shown) to detect 
an actual opening angle of throttle valve 1 8 is integrated 
with throttle valve 1 8. On the basis of the detected signal 
of the opening angle sensor attached to throttle valve 
18, the opening angle of throttle valve 18 is controlled 
to become a target opening angle in a closed loop. An 
airflow meter 25 to detect an intake air flow quantity is 
disposed at an upper stream of throttle valve 18 to detect 
an intake air flow quantity and an air cleaner 20 is dis- 
posed on an upstream side of airflow meter 25. In addi- 
tion, in order to detect an engine speed (Ne) and a ref- 
erence crank angular position, a crank angle sensor 21 
to detect a revolution of an engine crankshaft is dis- 
posed. Furthermore, an accelerator opening angle sen- 
sor 22 is disposed to detect an accelerator opening an- 
gle (a depression depth of an accelerator pedal by a ve- 
hicle driver and, in a broad sense of the term, a manip- 
ulated variable of an accelerator). These detection sig- 
nals are inputted to engine control unit (ECU) 1 9 (here- 
inafter, also called a controller). Engine control unit 19 
controls a fuel injection quantity and a fuel injection tim- 
ing through a fuel injection valve (fuel injector) 23, an 
ignition timing by means of a spark plug 24, a valve lift 
characteristic through variable operation mechanisms 
2, and the opening angle of throttle valve 18. Engine 
control unit (ECU) 19 includes a microcomputer having 
a CPU (Central Processing Unit), a ROM (Read Only 
Memory), a RAM (Random Access Memory), an Input 
Port, an Output Port, a common bus, and so forth. 
[0015] Next, a structure of each variable operation en- 
gine valve mechanism 2 for intake valve 3 will be de- 
scribed below with reference to Fig. 2. it is noted that 
variable operation valve mechanism 2 is a combination 
of a lift-and-operational-angle variable mechanism 51 
which varies lift and operational angle of intake valve 3 
and a phase variable mechanism 71 which displaces 
(angularly advances or retards) a phase of a center an- 
gle of the lift thereof. 

[0016] First, lift-and-operational-angle variable mech- 
anism 51 will be described. This lift-and-operational-an- 
gle variable mechanism 51 is exemplified by Japanese 
Patent Application First Publications No. 2001-280167 
published on October 10, 2001 and No. 2002-089303 
published on March 27, 2002. 

[0017] Lift-and-operational-angle variable mecha- 
nism 51 includes: intake valve 3 slidably disposed on a 
cylinder head; a drive axle 52 rotatably supported on a 
cam bracket (not shown) located at an upper part of the 



cylinder head; an eccentric cam 53 fixed to drive axle 
52 by means of a press; a control axle 62 rotatably sup- 
ported at an upper position of drive axle 52 by the same 
cam bracket as described above and juxtaposed to drive 

5 axle 52; a rocker arm 56 supported on an eccentric cam 
portion 68 of control axle 62 so as to enable a pivotal 
movement with respect to control axle 62; and a cam 59 
which is brought in contact with a tappet 60 disposed on 
an upper end of each intake valve 3. Eccentric cam 53 

10 is linked to rocker arm 56 via a link arm 54. Rocker arm 
56 and cam 59 are linked togethervia a link member 58. 
Drive axle 52 is driven by means of the engine crank- 
shaft via a timing chain or timing belt as will be described 
later. 

15 [0018] Eccentric cam 53 has a circular outer periph- 
eral surface, a center of the outer peripheral surface be- 
ing offset by a predetermined quantity from an axial 
center of drive axle 52 and an ring-shaped portion of link 
arm 54 being rotatably fitted to the outer peripheral sur- 
face of eccentric cam 53. 

[0019] Rocker arm 56 has a substantially center por- 
tion supported by eccentric cam portion 68 so as to be 
enabled to be pivoted about eccentric cam portion 68, 
one end portion thereof being associated with an arm 
portion of link arm 54 via a linkage pin 55 and the other 
end portion thereof being associated with an upper end 
of link member 58. Eccentric cam portion 68 is eccentric 
from an axial center of control axle 62. Hence, a pivotal 
center of rocker arm 56 is varied in accordance with an 
angular position of control axle 62. Cam 59 is rotatably 
fitted into an outer periphery of drive axle 52 and rotat- 
ably supported on drive axle 52. A lower end of link 
member 58 is associated with a side-extended end por- 
tion of cam 59. A base circle surface of an arc shape 
concentric to drive axle 52 and a cam surface extended 
with a predetermined curved line drawn from the base 
circle surface are continuously formed on a lower sur- 
face of cam 59. The base circle surface and cam surface 
thereof are brought in close contact with an upper sur- 
face of tappet 60 in accordance with a pivoted position 
of cam 59. That is to say, the base circle surface corre- 
sponds to an interval in which a lift is zeroed as a base 
circle interval. When cam 59 is pivoted so that the cam 
surface is brought in close contact with tappet 60, cam 
59 is gradually lifted. A slight ramp interval is provided 
between the base circle interval and lift interval. 
[0020] Control axle 62 is pivoted within a predeter- 
mined angular range by means of a lift-and-operational- 
angle control purpose actuator 63 provided on one end 
as shown in Fig. 2. Lift-and-operational-angle control 
purpose actuator 63 includes a servo motor to drive con- 
trol axle 62 via, for example, worm gear 65 and is con- 
trolled in response to a control signal from engine control 
unit (ECU) 1 9. It is noted that a rotational (pivotal) angle 
of drive axle 62 is detected by means of a control axle 
sensor 64. 

[0021] An operation of above-described lift-and-oper- 
ational-angle variable mechanism 51 will be described 
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below. When drive axle 52 is rotated, link arm 54 is 
moved In a vertical direction due to a cam action of ec- 
centric cam 53 so that rocker arm 56 is pivoted (swung) 
aboutcontrol axle 56. Theswing (pivotal motion) of rock- 
er arm 56 is transmitted to cam 59 via link member 58 
so that cam is accordingly swung (pivoted) about drive 
axle 52. A cam action of cam 59 presses tappet 60 for 
intake valve 3 to be lifted. Then , when an angle of control 
axle 62 is varied via lift-operational-angle control pur- 
pose actuator 63 ; an initial position of rocker arm 56 is 
varied and an initial swing (pivotal) position of cam 59 
is accordingly varied. 

[0022] For example, suppose that eccentric cam por- 
tion 68 is placed at an upper position with respect to 
control axle 62. At this time, whole rocker arm 56 is 
placed at the upper position and an end portion of cam 
59 placed toward linkage pin 67 is relatively lifted toward 
an upward direction. In details, the initial position of 
swing cam 59 is tilted toward a direction in which the 
cam surface thereof becomes away from tappet 60. 
Hence, when cam 59 is swung (pivoted) along with the 
pivotal motion (swing) of drive axle 52, the base circle 
surface is continued to be contacted with tappet 60 for 
a relatively long time but an interval in which cam sur- 
face is contacted with tappet 60 becomes short. Hence, 
the lift (vertical displacement) becomes as a whole small 
and an angular range from a time at which intake valve 
3 is open to a time at which intake valve 3 is closed, viz., 
the operational angle is shrunk (narrowed). 
[0023] On the contrary, suppose that eccentric cam 
68 is placed at a lower position with respect to control 
axle 62 as shown in Fig. 2. At this time, rocker arm 56 
is, as a whole, placed at the lower position so that the 
end portion of cam 59 placed toward linkage pin 67 is 
pressed relatively in the downward direction. In details, 
the initial position of cam 59 is tilted in a direction ap- 
proaching to tappet 60. Hence, when cam 59 is swung 
along with the revolution of drive axle 52, a position of 
cam 59 which is contacted with tappet 50 is immediately 
transferred from the base circle surface to the cam sur- 
face. Consequently, the lift of intake valve 3 is, as a 
whole, larger and its operational angle (working angle) 
becomes expanded (widened). 

[0024] Since the initial position of eccentric cam por- 
tion 68 can be varied continuously, the valve lift charac- 
teristic is continuously varied. In other words, both of the 
lift and operational angle can continuously be expanded 
(widened) and shrunk (narrowed) at the same time. Al- 
though depending upon a layout of the mechanism, both 
of the open timing and closure timing of intake valve 3 
are substantially symmetrically varied along with a var- 
iation in the magnitudes of the lift and the operational 
angle. 

[0025] Next, phase variable mechanism 71 , as shown 
in Fig. 2, includes: a sprocket 72 disposed on a front end 
of drive axle 52; and a phase control purpose actuator 
73 relatively rotating sprocket 72 and drive axle 52 within 
a predetermined angular range. Sprocket 72 is inter- 



locked with engine crankshaft via a timing chain or tim- 
ing belt (not shown). Phase control purpose actuator 73 
is constituted by, for example, a rotary actuator of elec- 
tromagnetic type or hydraulic type is controlled in re- 
5 sponse to a control signal from controller 19. Phase con- 
trol purpose actuator 73 is acted upon to rotate sprocket 
72 and drive axle 52 relatively to each other so that a lift 
center angle in the valve lift is advanced or retarded. In 
other words, without change in the curved line itself of 
10 the valve lift characteristic, the whole valve characteris- 
tic curve is, as a whole, displaced in the advance angle 
direction or the retardation angle direction. 
[0026] In addition, this variation can continuously be 
obtained. The control state of phase variable mecha- 
15 ntsm 71 is detected by drive axle sensor 6 which re- 
sponds to the pivotal (rotational) position of drive axle 
52. 

[0027] As described above, the variable operation 
mechanism 2 includes lift-and-operational-angle mech- 
anism 51 and phase variable mechanism 71 . Both com- 
bination of the respective controls and valve character- 
istics, especially, intake valve open timing (IVO) and in- 
take valve closure timing (IVC) can largely and contin- 
uously be varied. Then, without resort to throttle valve 
18, a variable control over intake valve 3 can achieve 
the intake air quantity control. 

[0028] In this embodiment, throttle valve 1 8 does not 
function of controlling the intake air quantity but is 
present for developing an appropriate negative pres- 
sure in intake passage. The opening angle of throttle 
valve 1 8 is generally maintained constant so that a pres- 
sure within collector 16 indicates a negative pressure 
(for example, -50 mmHg) at a minimum required as a 
predetermined negative pressure, viz., the negative 
pressure source. A final control of intake air quantity is 
carried out by means of variable operation engine vari- 
able mechanism 2. As described above, the engine is 
substantially in a throttle-loss drive and a pumping loss 
can remarkably be reduced. Since a negative pressure 
required at minimum is secured with collector 16, vari- 
ous systems utilizing negative pressure such as a cir- 
culation of blow-by gas required for practical engine can 
be applied without a remarkable modification. It is noted 
that the present invention is applicable to the internal 
combustion engine in which no throttle valve is provided. 
[0029] Next, a specific control procedure which con- 
trols lift-and-operational-angle variable mechanism 51 
and phase variable mechanism 71 in accordance with 
the engine driving condition will be described below. 
[0030] Fig. 3 shows a main flowchart representing a 
whole stream of control to be executed in the variable 
operation intake valve controlling apparatus. At a step 
S1 controller 1 9 (demanded torque calculating section) 
calculates a required torque (or called, a demanded 
torque) from the accelerator manipulated variable (but 
herein called, the opening angle of the accelerator) de- 
tected by accelerator opening angle sensor 22. At a step 
S2, controller (ECU) 1 9 (required intake air quantity cal- 
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culating section) calculates a required intake air quantity 
corresponding to the required torque (demanded 
torque) derived at step S1 At a step S3, controller 19 
(an allowable residual gas quantity calculating section) 
calculates an allowable residual gas quantity according 5 
to the required intake air quantity calculated at step S2 
and from the present engine speed (Ne) by referring to 
a map based on a relationship from among the required 
intake air quantity, the engine speed (Ne), and allowable 
residual gas quantity as shown in Fig. 10. From the re- 
quired intake air quantity and allowable residual gas 
quantity, optimum IVO (intake valve open timing) and 
IVC (intake valve closure timing) are calculated at steps 
S4 and S5. 

[0031] At a step S6, controller 19 (operational angle 
and phase angle calculating section) calculates the op- 
erational angle and phase according to the optimum IVO 
and IVC derived at steps S4 and S5. In details, controller 
1 9 derives an angular range from an angle at which in- 
take valve is open (IVO) to an angle at which intake 
valve 3 is closed (IVC) as the operational angle and de- 
rives the phase (or phase angle) as a center point be- 
tween the IVO and IVC. It is noted that, the phase be- 
tween IVO and IVC of the lift center angle is represented 
by a crank angle measured in an advance angle direc- 
tion from a bottom dead center and this is called a phase 
angle. 

[0032] At a step S7, controller 19 (operational angle 
and phase angle correcting section) determines if these 
operational angle and phase fall in respective ranges of 
achievable values for the lift-and-operational-angle var- 
iable mechanism 51 and phase variable mechanism 71 . 
If these optimum operational angle and the phase are 
in excess of their respective limit values (maximum val- 
ues thereof) (operational angle limit value and phase 
limit value), a correction for the IVO and IVC as will be 
described later is carried out. Then, the finally deter- 
mined operational angle and phase are given as target 
values for lift-and-operational-angle variable mecha- 
nism 51 and phase variable member 71 . It is noted that 
a cam operational angle variable mechanism defined in 
the claims correspond to lift-and-operational angle var- 
iable mechanism 51 . 

[0033] Figs. 4A through 41 show integrally a timing 
chart representing variation situations of operational an- 
gle target value and phase angle target value when the 
optimum operational angle and phase are within the op- 
erational angle limit value of lift-and-operational-angle 
variable mechanism 51 and phase limit value of phase 
variable mechanism 71. This example of Figs. 4A 
through 4 1 shows variations in parameters (accelerator 
opening angle, engine speed (Ne), required fresh air 
quantity, allowable residual gas quantity, IVO, IVC, cam 
operational angle, and cam phase angle) when the ac- 
celerator opening angle is increased, viz., during an en- 
gine acceleration, the required torque and required in- 
take air quantity are increased together with the accel- 
erator opening angle. Then, the intake valve open timing 



(IVO) is slightly advanced so that a valve overlap is ex- 
panded and IVC is largely retarded to approach to the 
bottom dead center. Consequently, a substantial suction 
stroke of the engine is increased. Together with the var- 
iations in IVO and IVC, the operational angle is in- 
creased and the phase angle is decreased, viz., dis- 
placed in the retardation angle direction. 
[0034] On the other hand, if phase variable mecha- 
nism 71 cannot be displaced to the cam phase deter- 
mined as the optimum value, the operational angle and 
phase angle correcting section at step S7 described 
above corrects IVC and IVO as will be described later 
so that a fuel consumption (fuel economy) becomes op- 
timum within the limited phase range. Figs. 5 and 6 in- 
tegrally show a flowchart representing a processing flow 
of a limitation, especially, on the phase angle. In details, 
at a step S 1 1 , controller 1 9 determines if the calculated 
phase angle is equal to or larger than a phase limitation 
maximum value (cam phase angle maximum value) of 
phase variable mechanism 71 . If the calculated phase 
angle is largerthan (in excess of) the phase angle max- 
imum value (No), the routine goes to a step S1 2. If Yes 
at step S11, the routine is returned. If phase angle > 
phase angle maximum value (No) at step S11 , a slight 
angular value A operational angle is subtracted from the 
previously calculated operational angle (old) to derive a 
new operational angle (new) (A denotes a predeter- 
mined minute quantity). At the next step S1 3, controller 
19 derives a new IVO from the calculated IVC at step 
S4 and the operational angle after the correction there- 
of. At a step S1 4, a generation torque is calculated from 
IVO (new) and the IVC . At a step S1 5, controller 1 9 de- 
termines if the demanded torque is coincident with (sub- 
stantially equal to) the demanded torque. 
[0035] In a case where the modifications of IVO and 
operational angle causes the generation of torque to be 
varied, the routine goes from step S 1 5 to step S1 8 (Fig. 
6) to determine if the generation torque becomes larger 
than the demanded torque. If demanded torque < gen- 
eration torque (Yes) at step S18, the routine goes to a 
step S1 9. If demanded torque > generation torque (No) 
at step S1 8 (No) at step S1 8, the routine goes to a step 
S20. At step S1 9, the slight angular value (A IVC) to cor- 
rect the intake valve closure timing (IVC) in the advance 
angle direction is added to the previous IVC to derive a 
new IVC. On the contrary, if demanded torque < gener- 
ation torque at step S18, the generation torque is de- 
creased (No at step S1 8), the processes from step S1 8 
to step S20 are repeated until the demanded torque is 
substantially equal to the generation torque. If demand- 
ed torque is substantially equal to generation torque at 
step S1 5 (Yes), the routine goes to step S1 6 to calculate 
cam phase angle (New) from IVC (New) to IVO (New). 
If not reached to phase angle maximum value, the rou- 
tine goes to step S12. The above-described processes 
are repeated. It is noted that, when step S14 is carried 
out in the repetitive loop, the IVC at step S14 is IVC 
(new). Consequently, the operational angle at which the 
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phase angle reaches to the phase angle maximum val- 
ue is determined. The intake valve closure timing IVC 
and intake valve open timing IVO are determined so that 
the operational angle reaches to phase angle maximum 
value. The intake valve closure timing (IVC) and, fur- 
thermore, the intake valve open timing (IVO) are deter- 
mined so that the generation torque substantially equal 
to the demanded torque. 

[0036] Figs. 7A through 7G are integrally a timing 
chart for explaining variation situations of the operation- 
al angle target value and phase angle target value in a 
case where the limitation is placed on such a phase an- 
gle maximum value as described above with reference 
to Figs. 5 and 6. This example of Figs. 7A through 7G 
shows the variations of parameters (accelerator open- 
ing angle, engine speed (Ne), demanded torque, lVO : 
IVC, cam operational angle., and cam phase angle) 
when the engine is decelerated with the accelerator 
opening angle decreased. While the operational (or 
working as described above) angle is shrunk (nar- 
rowed), the cam phase is tried to be advanced. At a time 
point at which the phase angle reaches mechanically to 
the cam phase maximum value, the phase cannot be 
advanced any more. Hence, the IVC and IVO are cor- 
rected to obtain the generation torque with the phase 
angle maintained at the maximum. It is noted that, since 
the residual gas quantity is maintained at its maximum, 
the fuel consumption indicates optimum within the max- 
imum value of the cam phase. 

[0037] Next, Fig. 8 shows an operational flowchart in 
a case where the operational angle determined as the 
optimum value exceeds a mechanical limitation value of 
lift-and-operattonal angle variable mechanism 51. At 
step S31 , controller 19 determines whether the calcu- 
lated operational angle is equal to or lower than the op- 
erational angle maximum value. If operational angle > 
operational angle maximum value (No) at step S31 , the 
routine goes to a step S32. At step S32, controller 19 
fixes the operational angle to the operational angle max- 
imum value. At the next step S33, the controller 1 9 de- 
rives the generation torque from the calculated IVC at 
step S4. Then, controller 19 determines whether the 
generation torque is coincident with (substantially equal 
to) the demanded torque. If not coincident with the de- 
manded torque at step S34 (No), the routine goes to a 
step S35. AT step S35 ; controller 1 9 determines wheth- 
er the generation torque is increased or decreased more 
than the demanded torque. If it is increased, controller 
1 9 corrects the IVC so as to be added by the slight angle 
value to the previous IVC to derive the new IVC which 
is advanced by AIVC. On the contrary, if the generation 
torque is decreased more than the demanded torque, 
the routine goes to a step S37 in which controller 1 9 cor- 
rects the previous IVC (old) to subtract it from the slight 
angular value (AIVC) to derive the new IVC. Such proc- 
esses as steps S35 to S37 are repeated until the gen- 
eration torque is made coincident with (substantially 
equal to) the demanded torque. Consequently, together 



with the operational angle maintained at maximum, con- 
troller 1 9 determines intake valve closure and open tim- 
ings (IVC and IVO) so that the generation torque is made 
coincident with (substantially equal to) the demanded 
5 torque while the operational angle is maintained at the 
maximum. 

[0038] Figs. 9A through 9G show integrally a timing 
chart representing the variation situations such as the 
operational angle target value and phase angle target 

10 value when the operational angle is limited to the oper- 
ational angle maximum value as shown in the flowchart 
of Fig. 8. The example of Figs. 9A through 9G shows 
the variations of the above-described parameters (ac- 
celerator opening angle, engine speed (Ne), demanded 

15 torque, IVO, IVC, cam operational angle, and cam 
phase angle) when the accelerator opening angle is in- 
creased and the engine is accelerated in the case of the 
fixed maximum operational angle value (refer to Fig. 
9F). 

20 [0039] In this example, while the operational angle is 
increased, the phase is tried to be retarded. However, 
at a time point at which the operational angle has 
reached to the mechanical operational angle limit value 
achievable by lift-and-operational angle variable mech- 

25 anism 51 (operational angle maximum value), the oper- 
ational angle cannot be expanded any more. Hence, 
with the operational angle maintained at the maximum 
value, intake valve open timing and closure timings IVO 
and IVC are corrected so that the demanded torque can 

30 be obtained. It is noted that, sincethe residual gas quan- 
tity is maintained at maximum, the fuel economy can be 
optimized within a range of the limited operational angle. 
[0040] It is noted that, in the above-described embod- 
iment of the variable operation intake valve controlling 

35 apparatus according to the present invention, the lift- 
and-operational-angle variable mechanism 51 is used 
in which both of the lift and the operational angle are 
simultaneously varied as an operational angle variable 
mechanism, a mechanism in which the operational an- 

40 gle is varied with a maximum lift maintained constant 
may be utilized. 

[0041] The variable operation intake valve controlling 
apparatus and method for an internal combination en- 
gine according to the present invention uses lift-and-op- 

45 erational-angle variable mechanism 51 which is capable 
of continuously changing the range of the operational 
angle of the intake valve and phase variable mechanism 
71 which is capable of continuously displacing the 
phase of the lift center of the intake valve and deter- 

50 mines the intake valve timings (IVO and IVC) according 
to the operational (working) angle and the phase angle, 
this valve timings controlling the intake air quantity. Es- 
pecially, according to the present invention, the required 
(intake) air quantity is derived from an accelerator open- 

55 ing angle. The relationship from among the required air 
quantity, the engine speed, and the allowable residual 
gas quantity are shown in Fig. 1 0. Hence, for example, 
if this relationship is mapped and this map is referred to, 
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the present allowable residual gas quantity is derived. 
It is noted that : for example, when an altitude and/or ex- 
ternal temperature are varied so that the allowable re- 
sidual gas quantity is reduced, it is easily possible to 
correct the present allowable residual gas quantity by 
multiplying the basic allowable residual gas quantity by 
its reduction rate. On the other hand, a gas flow within 
a cylinder from intake valve open timing (IVO) to intake 
valve closure timing (IVC) is changed as shown in Figs. 
11 A, 1 1 B, and 1 1 C. Fig. 1 1 A schematically shows a cyl- 
inder state under the intake valve open timing (IVO) 
state. Fig. 1 1 B schematically shows a cylinder state un- 
der a piston's suction stroke top dead center, and Fig. 
11C schematically shows a still another cylinder state 
under the intake valve closure timing (IVC). In Fig. 1 1 A, 
V EG1 denotes a spit-back quantity of the allowable re- 
sidual gas quantity from the cylinder, V EG2 denotes a 
spit-through quantity by which a part of allowable resid- 
ual gas quantity is once blown through the cylinder from 
the exhaust port to the intake port, V EG3 denotes a re- 
sidual quantity within the cylinder from among the allow- 
able residual gas quantity, V EG denotes the allowable 
residual gas quantity (in order words, V EG = V EG1 + V EG2 
+ V EG3)> v fr denotes a fresh air quantity, viz., required 
air quantity. As shown in Figs. 11 A through 11C, IVO 
serves to determine spit-back quantity V EG1 and spit- 
through quantity V EG2 . In addition, since these (V EG! and 
V EG2 ) are returned finally back within the cylinder from 
the intake port, the IVC serves to determine a total gas 
quantity (V EG + V FR ). Hence, according to the required 
air quantity (V FR ) and the allowable residual gas quan- 
tity (V EG ), the required intake valve open and closure 
timings IVO and IVC are determined. Then, the opera- 
tional angle is determined as an angular range between 
the intake valve open and closure timings (IVO and IVC) 
and the phase is determined as , for example, a center 
of the intake valve open timings IVO through IVC in a 
unit of angle. Along with the determined operational 
(working) angle and, the cam phase, the lift-and-opera- 
tional angle variable mechanism 71 and the phase var- 
iable mechanism 51 are driven. It is noted that the re- 
quired intake air quantity is deemed to have the same 
meaning of the required air quantity. 
[0042] The entire contents of a Japanese Patent Ap- 
plication No. 2002-236738 (filed in Japan on August 1 5, 
2002) are herein incorporated by reference. The scope 
of the invention is defined with reference to the following 
claims. 



Claims 

1. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine, compris- 
ing: 

a cam operational angle variable mechanism 
(51 ) that is capable of controlling an operational 



angle of the intake valve in such a manner that 
a range of the operational angle is continuously 
changed; 

a cam phase variable mechanism (71) that is 

5 capable of continuously displacing a phase of 

a lift center angle of the intake valve; and 
a controller (19) for controlling an intake air 
quantity in accordance with valve timings of the 
intake valve determined according to the oper- 

10 attonal angle by means of the cam operational 

angle variable mechanism and the phase by 
means of the cam phase variable mechanism, 
the controller determining an allowable residual 
gas quantity from a required air quantity and an 

15 engine speed (Ne), the required air quantity be- 

ing determined according to a manipulated var- 
iable of an accelerator, calculating optimum in- 
take valve open and closure timings (IVO and 
IVC) in such a manner that both of the required 

20 air quantity and the allowable residual gas 

quantity enter a cylinder of the engine, and de- 
termining the operational angle and the phase 
from the optimum intake valve open and clo- 
sure timings. 

25 

2. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine as claimed 
in claim 1 , wherein, when the operational angle de- 
termined from the optimum intake valve open and 

30 closure timings (IVO and IVC) is in excess of an op- 
erational angle limit value of the operational angle 
variable mechanism, the controller corrects the 
phase in such a manner that a demanded torque is 
developed under the operational angle limit value. 

35 

3. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine as claimed 
in either claim 1 or 2, wherein, when the phase de- 
termined from the optimum intake valve open and 

40 closure timings is in excess of a phase angle limit 
value of the phase variable mechanism, the control- 
ler corrects the operational in such a manner that a 
demanded torque is developed under the phase an- 
gle limit value. 

45 

4. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine as claimed 
in any one of the preceding claims 1 through 3, 
wherein the controller (1 9) comprises: a demanded 

so torque calculating section (1 9) that calculates a de- 
manded torque from the manipulated variable of the 
accelerator; a required air quantity calculating sec- 
tion (19) that calculates the required intake air quan- 
tity corresponding to the demanded torque calculat- 
es ed by the demanded torque calculating section; an 
allowable residual gas quantity calculating section 
(19) that calculates the allowable residual gas 
quantity from the required intake air quantity and the 
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engine speed; a valve timing calculating section 
that calculates the optimum valve open and valve 
closure timings (IVO and IVC) from the residual re- 
quired air quantity and the allowable residual gas 
quantity; and 

an operational angle and phase calculating section 
(19) that calculates the operational angle and the 
phase from the optimum intake valve open and clo- 
sure timings. 

5. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine as claimed 
in claim 4, wherein the operational angle and phase 
calculating section (19) calculates the operational 
angle and the phase from a crank angle at the op- 
timum intake valve open timing (IVO) to another 
crank angle at the optimum intake valve closure tim- 
ing (IVC). 

6. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine as claimed 
in claim 4, wherein the operational angle and phase 
calculating section calculates the phase of the lift 
center of the intake valve from a center point be- 
tween the optimum intake valve open timing (IVO) 
and the optimum intake valve closure timing (IVC), 
the phase of the lift center angle being represented 
by a crank angle measured in an advance angular 
direction with respect to a bottom dead center. 

7. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine as claimed 
in claim 4, wherein the controller further comprises: 
a determining section (1 9) that determines whether 
the operational angle and the phase calculated by 
the operational angle and the phase calculating 
section are within ranges of achievable values for 
the cam operational angle variable mechanism and 
the phase variable mechanism, respectively; and a 
correcting section that corrects at least one of intake 
valve open and closure timings (IVO and IVC) when 
the corresponding one of the operational angle and 
the phase is determined to be out of the ranges of 
achievable values for the corresponding one of the 
cam operational angle variable mechanism and the 
cam phase variable mechanism. 

8. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine as claimed 
in claim 7, wherein the determining section compris- 
es a phase determining section (19) that deter- 
mines whether the phase calculated by the opera- 
tional angle and phase calculating section is within 
the range of achievable value for the cam phase 
variable mechanism and the correcting section cor- 
rects the intake valve open and closure timings (IVO 
and IVC) within a limited phase range to provide a 
most favorable fuel economy. 



9. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine as claimed 
in any one of the preceding claims 4 through 8, 
wherein the correcting section (19) comprises: a 

5 phase angle determining section (19) that deter- 
mines whether the calculated phase angle is equal 
to or below a phase angle maximum value; a new 
intake valve open timing calculating section (19) 
that calculates a new intake valve open timing from 

10 a new operational angle which is a subtraction re- 
sult of the present operational angle from a prede- 
termined minute angle and the present intake valve 
closure timing when the phase determining section 
determines that the phase is in excess of the phase 

15 angle maximum value; a generation torque deriving 
section (19) that derives a generation torque from 
the new IVO and optimum IVC; a generation torque 
variation determining section that determines 
whetherthe generation torque is substantially equal 

20 to the demanded torque; and final intake valve open 
and closuring timing determining section (19) that 
determines finally the operational angle at which the 
phase reaches to the phase angle maximum value 
and determines the intake valve open and closure 

25 timings by which the generation torque is substan- 
tially equal to the demanded torque. 

10. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine as claimed 

30 in claim 8, wherein the correcting section comprises 
an operational angle determining section (19) that 
determines whether the calculated operational an- 
gle is equal to or smaller than an operational angle 
maximum value; and a fixing section that fixes the 

35 calculated operational angle to the operational an- 
gle maximum value when the operational angle de- 
termining section determines that the calculated op- 
erational angle is in excess of the operational angle 
value. 

40 

11. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine as claimed 
in claim 10, wherein the correcting section further 
comprises: a generation torque calculating section 

^5 (1 9) that calculates a generation torque from the op- 
timum intake valve closure timing (IVC) with the op- 
erational angle maintained at the operational angle 
maximum torque; and a comparing section (1 9) that 
compares the generation torque with the demanded 

50 torque and wherein the correcting section (19) cor- 
rects the intake valve closure timing (IVC) until the 
generation torque becomes substantially equal to 
the demanded torque. 

55 12. A variable operation intake valve controlling appa- 
ratus for an internal combustion engine as claimed 
in any one of the preceding claims 4 through 11, 
wherein the allowable residual gas calculating sec- 
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tion calculates the allowable residual gas quantity 
from a map with the engine speed and the required 
air quantity as parameters. 

13. A variable operation intake valve controlling method 5 
for an internal combustion engine, the engine com- 
prising: a cam operational angle variable mecha- 
nism (51 ) that is capable of controlling an operation- 
al angle of the intake valve in such a manner that a 
range of the operational angle is continuously 10 
changed; and a cam phase variable mechanism 
(71) which is capable of continuously displacing a 
phase of a lift center angle of the intake valve, the 
method comprising: 

15 

controlling (1 9) an intake air quantity in accord- 
ance with valve timings of the intake valve de- 
termined according to the operational angle by 
means of the cam operational angle variable 
mechanism and the phase by means of the cam 20 
phase variable mechanism; 
determining (19) an allowable residual gas 
quantity from a required air quantity and an en- 
gine speed, the required air quantity being de- 
termined according to a manipulated variable 25 
of an accelerator; 

calculating (1 9) optimum intake valve open and 
closure timings in such a manner that both of 
the required intake air quantity and the allowa- 
ble residual gas quantity enter a cylinder of the 30 
engine; 

and determining (19) the operational angle and 
the phase from the optimum intake valve open 
and closure timings. 

35 

14. A variable operation intake valve controlling method 
for an internal combustion engine, the engine com- 
prising: a cam operational angle variable mecha- 
nism (51) that is capable of controlling an operation- 
al angle of the intake valve in such a manner that a *o 
range of the operational angle is continuously 
changed; and a cam phase variable mechanism 
(71) which is capable of continuously displacing a 
phase of a lift center angle of the intake valve, the 
method comprising: calculating (19) a demanded 45 
torque from a manipulated variable of an accelera- 
tor; calculating (19) a required air quantity corre- 
sponding to the demanded torque; calculating an 
allowable residual gas quantity from the required air 
quantity and the engine speed; calculating the op- so 
timum valve open and valve closure timings (IVO 
and IVC) from the residual required air quantity and 

the allowable residual gas quantity; and calculating 
the operational angle and the phase from the opti- 
mum intake valve open and closure timings. 55 
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